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A B S T R A C T
DIAGNOSTIC TESTING OF VARI-
OUS POINTS ON THE FORCE-
VELOCITY CURVE, SUCH AS MAX-
IMUM STRENGTH AND RUNNING
SPEED TESTS, IS USED TO IDEN-
TIFY ATHLETES’ STRENGTHS AND
WEAKNESSES. DURING THE IM-
PLEMENTATION OF THESE TESTS,
COACHES TYPICALLY USE VER-
BAL INSTRUCTIONS IN AN
ATTEMPT TO ENSURE THE ATH-
LETE ACHIEVES THE HIGHEST
RESULT POSSIBLE. RESEARCH-
ERS HAVE SHOWN THAT OPTIMAL
MOTOR SKILL PERFORMANCE IS
OFTEN ACHIEVED WHEN VERBAL
INSTRUCTIONS DIRECT ATTEN-
TION EXTERNALLY. THIS ARTICLE
REVIEWS THE CURRENT
RESEARCH ON THE APPROPRIATE
ATTENTIONAL FOCUS FOR TESTS,
WHICH ASSESS ASPECTS OF THE
FORCE-VELOCITY CURVE. BASED
ON AN ANALYSIS OF THE EXISTING
SCIENTIFIC LITERATURE, PRACTI-
CAL APPLICATIONS ARE PRO-
VIDED FOR COACHES.
INTRODUCTION
T
o improve the specificity and
accuracy of strength and condi-
tioning training programs, it is
important to undertake an initial needs
analysis, where the athlete’s strengths
and weaknesses are identified. The
force-velocity curve illustrates that
maximum strength is exerted at low
velocities and maximum speed is pro-
duced at low resistances; an inverse
relationship exists between these 2 var-
iables. The results of force-velocity
diagnostic tests can be used by strength
and conditioning coaches in the design
and implementation of individualized
training programs (17). In most circum-
stances, strength and power training
aims to shift the force-velocity curve
to the right, in effect this means that
the athlete is able to move various re-
sistances at higher velocities and has
become more explosive. Shifting the
curve to the right represents an
improved rate of force development.
There are several assessment techni-
ques and methods used to evaluate
an athlete’s performance on various as-
pects of the force-velocity curve, such
as isometric strength tests (maximum
strength), unresisted countermove-
ment jump tests (speed-strength), and
10-m time tests (speed).
Throughout the implementation of
these force-velocity diagnostic tests,
verbal communication between the
coach and athlete is important to
ensure the athlete achieves their opti-
mum result (14). If the correct instruc-
tion is given, the optimal outcome will
be achieved for the test; however, if the
instructions given are incorrect and/or
complicated, the performance out-
come may be compromised, thereby
not providing a true and valid measure
of the athlete’s strength, power, or
speed characteristics (14).
Motor learning research has investi-
gated how motor skill learning and
performance are controlled by chang-
ing the training environment (32). A
key area that has gained considerable
interest in the scientific literature is
how focusing a learner’s attention dur-
ing training influences motor perfor-
mance (32). Specifically, to enhance
performance, the coach must be aware
whether or not to give the athlete an
external, internal, or neutral instruction
before executing a movement. “Exter-
nal” verbal instruction directs the ath-
lete’s attention to the effects of their
movement, whereas “internal” verbal
instructions direct the athlete’s attention
to some internal aspects of their own
actions (26). For example, when applied
during the acceleration phase of sprint-
ing, an external instruction could be
“explode off the ground” and an internal
instruction could be “explode through
your hips” (3). Most studies have dem-
onstrated that an external focus of atten-
tion results in a superior performance
compared with an internal focus of
attention (11,14,16,19,21,34).
Wulf (32) carried out a review of the
literature and found that in approxi-
mately 80 experiments, significant ad-
vantages were found when participants
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were given an external focus of atten-
tion compared with an internal focus of
attention. Wulf et al. (35) proposed that
internally focused instructions promote
conscious control that restricts the
motor system through greater atten-
tional demands and interferes with
automatic control processes. This is
known as the “constrained action
hypothesis.” By comparison, an exter-
nal focus promotes automatic control
processes and allows the motor system
to naturally self-organize, which
strengthens efficient movements.
Although the review by Wulf (32) ad-
dressed some sections of the force-
velocity curve such as speed-strength
and speed, the review did not report
tests for the entire force-velocity curve.
A large amount of studies included were
on balance and accuracy (e.g., dart
throwing, golf shots, basketball shot,
and a tennis ball toss). Furthermore,
there were no studies included that ad-
dressed focus of attention for maximal
strength measured by an isometric mid-
thigh pull, reactive strength measured
by a drop jump (DJ), or for maximum
velocity sprinting. Based on the avail-
able scientific literature, the current
review article focuses on the compari-
son between internal and external
verbal instructions and an athlete’s per-
formance during force-velocity curve
diagnostic tests for the lower body,
which profile the athlete’s force-
velocity capabilities. Specifically, testing
maximum strength measured through
an isometric midthigh pull, strength-
speed measured through weighted
jumps (jump squat), speed-strength
through unweighted jumps (horizontal
jumps, vertical jumps), reactive strength
(DJs) and speed (acceleration, agility,
and maximum velocity) (F1 Figure 1).
The summary of the key findings that
used internal, external, or neutral in-
structions to influence performance in
these tests, including subject character-
istics is outlined inT1 Table 1.
MAXIMUM STRENGTH
ISOMETRIC MIDTHIGH PULL
Maximal force–generating capabilities
are commonly monitored in athletes.
This is the section of the curve where
force generation requirements are high
and the speed of movement is low. The
isometric midthigh pull is a frequently
used maximal strength exercise where
participants are required to iso-
metrically pull a stationary bar located
at the midthigh level while standing on
a force plate (13). It is regularly used to
monitor an athlete’s progression and to
assist in the design of programs.
Research studies examining the effect
of attentional focus instructions during
maximal effort isometric tests such as
the isometric midthigh pull are some-
what lacking in the literature. Of the
limited research available, most studies
use guideline instructions such as “pull
hard and fast” when instructing par-
ticipants during an isometric midthigh
pull (2,10,13,29). Recently, Halperin
et al. (11) examined the focus of
attention during an isometric midthigh
pull in trained athletes. Participants
completed trials in 3 different con-
ditions for 3 consecutive days. The first
trial was performed with a control
instruction. On the second day and
third day of testing, athletes repeated
the same procedure with the exception
that the instructions given (control,
internal focus, and external focus) were
provided once before each of 3 maxi-
mal efforts in a randomized manner.
Results showed that peak force pro-
duction with the externally focused
instruction was significantly greater
compared with the internally focused
instruction and the control instruction.
Halperin et al. (11) concluded that an
externally focused verbal instruction
should be given to athletes when
completing an isometric midthigh pull
and consistency should be maintained
with verbal instructions across test-
ing days.
STRENGTH-SPEED
WEIGHTED JUMP SQUAT
This is the section of the force-velocity
curve where the athlete moves
a medium to heavy resistance as fast as
they possibly can and is sometimes
referred to as strength-speed. The
weighted jump squat is a common test
to assess the strength-speed aspect of
the force-velocity curve and is per-
formed with added resistance such as
a barbell on the shoulders (26). Although
there is a considerable amount of
research on the effect of focus of atten-
tion on unweighted jumps (speed-
strength) (14,33,34,36), there is currently
no available research on the effect of
focus of attention on a weighted jump
such as a jump squat. Therefore, more
research studies are needed to determine
the type of instruction (external, internal,
Figure 1. An illustration of the force-velocity relationship with the aspects of the
force-velocity spectrum identified, namely strength, strength-speed,
speed-strength, reactive strength, and speed.
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Table 1
Depiction of studies that used internal, external, or neutral instruction or cues to influence performance in strength, power, and speed diagnostic tests
Reference Year Participants Sex Test Instructions given Results
Porter et al. (22) 2012 35 recreationally active
young adults from
a general undergraduate
student population
Male Standing long
jump
CON 5 “jump to the best of your
ability”
A significant difference (P# 0.05) in
the distance jumped between
the EXT near (2076 30.5 cm) and
EXT far (212.74 6 28.9 cm) and
the CON (195.92 6 31.3 cm) and
a significant difference between
the EXT near and far conditions.
EXT near 5“jump as far past the start
line as possible” (white start line was
clearly marked and located directly
in front of each subject’s feet)
EXT far5 “jump as close to the cone as
possible” (cone was placed directly
in front of the subject at a distance
of 3 m)
Porter et al. (19) 2010 120 young adults from
a general undergraduate
student population
72 males; 48
females
Standing long
jump
EXT 5 “when you are attempting to
jump as far as possible, I want you to
focus your attention on jumping as
far past the start line as possible”
A significant difference (P 5 0.003)
in the distance jumped between
the EXT (187.4 6 42.7 cm) group
and the INT group (177.3 6 41
cm)
INT 5 “when you are attempting to
jump as far as possible, I want you to
focus your attention on extending
your knees as rapidly as possible”
Wu et al. (36) 2012 21 untrained generally
active undergraduate
population
10 males; 11
females
Standing long
jump
Baseline5 “jump as far as you can” INT
and EXT focus instructions same as
Porter et al. (19)
A significant difference (P, 0.05) in
the distance jumped between
the EXT (153.6 6 38.6 cm), INT
(139.5 6 46.7 cm), and baseline
condition (133.8 6 35.7 cm)
Wulf et al. (38
AU9
) 2010 8 healthy physically active
undergraduate students
5 females; 3
males
Vertical jump EXT 5 participants were instructed
to concentrate on the rungs of
the Vertec
A significant difference (P, 0.05) in
the jump and reach height
between the EXT (32.4 cm) and
INT (31.0 cm) conditions. EMG
activity was significantly (P ,
0.05) lower in the EXT condition
compared with the INT condition
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Table 1
(continued)
INT 5 participants were instructed to
concentrate
on the tips of their fingers touching the
Vertec
Wulf and Dufek
(37)
2009 10 healthy physically active
university students
AU10
6 females; 4
males
Vertical jump EXT 5 concentrate on the rungs of the
Vertec, reaching as high as possible.
A significant difference (P, 0.05) in
the jump and reach height
between the EXT (31.9 cm) and
INT (30.4 cm) conditions. A
significant difference (P, 0.05) in
the vertical displacement of the
COM between the EXT (29.5 cm)
and INT (26.2 cm)
INT 5 concentrate on the tips of their
fingers, reaching as high as possible
during the jumps
Tapley et al. (29) 2014 18 physically active
currently/previously
participating in
recreational sports
involving sprinting and
jumping
Male Jump squat INT 5 “In this condition, just
concentrate on extending the legs
as fast as possible to maximise
explosive force”
The neutral instruction produced
a significantly greater (P , 0.05)
mean jump height (45.9 cm),
peak velocity (2.58 m/s), and
downward countermovement
distance (54.9 cm) than the
INT instruction (mean jump
height (44.0 cm), peak velocity
(2.43 m/s), and downward
countermovement distance (47.5
cm). The INT instruction yielded
a significantly greater (P , 0.05)
peak force (3.7%) compared with
the neutral instruction
NEUTRAL 5 “In this condition, just
concentrate on jumping for maximal
height”
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Table 1
(continued)
Halperin et al.
(11)
2015 18 trained athletes from
various sporting
backgrounds
10 males; 8
females
Isometric
midthigh
clean pull
EXT5 “focus on pushing the ground as
hard and fast as you possibly can”
Peak force was significantly 9%
greater (P , 0.001) during the
EXT compared with the INT and
significantly 3% greater than the
CON.
INT 5 “focus on contracting your leg
muscles as hard and a fast as you
possibly can”
CON 5 “focus on going as hard and as
fast as you possibly can”
Porter et al. (24) 2015 84 undergraduate college
students, none were
former track and field
athletes or former
collegiate athletes of any
sport
42 males; 42
females
Acceleration EXT5 “while you are running the 20-m
dash focus on driving forward as
powerfully as possible while clawing
the floor with your shoe as quickly as
possible as you accelerate”
The EXT condition was significantly
(P# 0.001) faster (3.75 s) than the
INT (3.87 s) and CON conditions
(3.87 s). The INT and CON
conditions were not significantly
different.
INT5 “while you are running the 20-m
dash focus on driving 1 leg forward
as powerfully as possible while
moving your other leg and foot
down and back as quickly as
possible as you accelerate”
CON 5 “Please run the 20-m dash as
quickly as possible”
Porter and Sims
(23)
2013 9 healthy highly trained
collegiate Division 1
football players
Male Acceleration EXT 5 “while you are running the 20
yard dash with maximum effort,
focus on gradually raising up. Also,
focus on powerfully driving forward
while clawing the floor as quickly as
possible”
No significant differences between
the conditions at the 9.14 m split
(P . 0.971) and 18.28 m distance
(P . 0.599). A significant
difference (P , 0.047) in the
second 9.14 split for the CON
condition (1.12 s) compared with
the INT (1.14 s) and EXT (1.14 s)
conditions.
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Table 1
(continued)
INT 5 “while you are running the 20
yard dash with maximum effort,
focus on gradually raising your body
level. Also focus on powerfully
driving one leg forward while
moving your other leg and foot
down and back as quickly as
possible”
CON 5 “run the 20 yard dash with
maximum effort”
Porter et al. (21) 2010 20 undergraduate students
with no formal sprint or
agility training
14 males; 6
females
Agility “L” test EXT 5 “run through the course as
quickly as you can with maximum
effort. This agility test consists of 2
parts, a running component and
a turning component. For each
running component, I want you to
focus on running toward the cone as
rapidly as possible. For the turning
component, I want you to focus on
pushing off the ground as forcefully
as possible”
The EXT (6.10 6 0.14 s) condition
was significantly faster than both
the INT (P , 0.01) (6.45 6 0.12 s)
and CON (P, 0.04) (6.366 0.14 s)
conditions. The CON and INT
groups were not significantly
different.
INT 5 “run through the course as
quickly as you can with maximum
effort. This agility test consists of 2
parts, a running component and
a turning component. For each
running component, I want you to
focus on moving your legs as rapidly
as possible. For the turning
component, I want you to focus on
planting your foot as firmly as
possible.”
CON 5 “run through the course as
quickly as you can with maximum
effort”
CON 5 control/no focus of attention; EMG 5 electromyography; EXT 5 external focus of attention, INT 5 internal focus of attention.
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or neutral) that will improve perfor-
mance in the strength-speed section of
the force-velocity curve.
SPEED-STRENGTH
UNWEIGHTED VERTICAL JUMPS
Speed-strength is the section of the
force-velocity curve where the resis-
tance is low and the velocity is high.
The athlete is moving a light resistance
as fast as they possibly can. An ath-
lete’s vertical jump ability is a critical
component to success in a number of
sport skills such as high jump, a volley-
ball spike, a basketball block, and
a line-out in Rugby. In these cases,
the timing and direction of the forces
generated needs to be optimal to accel-
erate the body maximally. Maximum
vertical jump depends on the athlete’s
vertical velocity at take-off. This veloc-
ity depends on the mass of the athlete
and the impulse developed. Impulse
is the product of force multiplied by
the time the force acts. A counter-
movement jump (CMJ) is similar to
a jump squat if performed with no
added resistance and the hands are
kept on the hips (18). The CMJ is
a slow stretch shortening cycle (SSC)
activity and has been established as
a reliable assessment of jumping ability
(5). Several studiesAU5 have examined how
an external focus of attention affects
vertical jumping (14,33,34,36).
Talpey et al. (27) performed a study on
the effect of instructions on the perfor-
mance of variables during a CMJ. Two
different sets of instructions were given
to compare CMJ variables with active
males who had a background of jump
training. Participants performed the
CMJ with a nonweighted dowel across
their shoulders. The first instruction
was a neutral instruction, and the sec-
ond instruction was internally focused.
The first instruction produced a signifi-
cantly greater mean jump height, peak
velocity, and downward countermove-
ment distance than the second instruc-
tion. By comparison, the second
instruction resulted in a significantly
greater peak force compared with the
first instruction. The authors con-
cluded that if greater jump height is
preferred, a neutral instruction should
be given and if greater peak force is
desired, an internally focused instruc-
tion should be used. However, no
external instruction was given; there-
fore, it is not known whether an exter-
nally focused instruction is superior or
inferior from a neutral or internal
instruction during CMJ performance
from the results of this study.
Wulf et al. (34) examined participants
performing a vertical jump and reach
task using a Vertec (Sports Imports,
Columbus, OH) measurement device.
Participants performed 10 trials under
each of the internal and external focus
conditions, counterbalanced among
participants. For the external focus
condition, participants were instructed
to focus on the rungs of the Vertec,
reaching as far as possible. For the
internal condition, they were in-
structed to concentrate on the tips of
their fingers reaching as high as possi-
ble during the jumps. Results showed
that participants reached significantly
higher when they adopted an external
focus compared with an internal focus.
Similarly, Makaruk et al. (14) showed
that participants attained a significantly
greater jump height when they were
instructed to concentrate externally
on the rungs of the Vertec compared
with an internal focus of their fingers
reaching for the rungs.
Wulf et al. (36) also showed that par-
ticipants’ jump and reach heights were
significantly higher with an external
focus compared with an internal focus
or no attentional focus instruction. In
addition, the vertical displacement of
the center of mass was significantly
greater under the external focus condi-
tion as opposed to the internal focus or
when no focused instructions were
given. Furthermore, Wulf and Dufek
(33) found that participant’s jump
height, center of mass displacement,
jump impulse, and lower extremity
joint moments were all significantly
greater with an external focus com-
pared with an internal focus. The au-
thors suggested that participants
jumped higher by producing greater
forces when they take on an external
focus. However, when an athlete ap-
plies force to produce a movement,
the force is never applied instantly
but over a certain period. Therefore,
an applied force must be considered
in relation to the time length that it is
applied, which is known as impulse.
Graphically, an impulse can be repre-
sented as the area under a force-time
curve of a movement. Therefore, the
athletes jumped higher because they
developed greater impulse rather than
produced more force ( F2Figure 2).
Wulf et al. (34) found that electromyog-
raphy activity was significantly lower and
jump height was significantly higher with
an external focus comparedwith an inter-
nal focus. Jump height increased due to
increased force production; these results
suggest that impulse increased and neu-
romuscular coordination was enhanced
with the external focus of attention. This
proposes that themovement effect might
not only enable an effective recruitment
of muscle fibers within a muscle (“intra-
muscular coordination”), but also the
effective coordination between agonist
and antagonist muscle groups (“inter-
muscular coordination”). During testing
and training sessions, where athletes are
aiming to improve their jump height
through improved mechanics, the use
of external devices and external instruc-
tional cues will enhance an athlete’s jump
performance.
More recently, Walchli et al. (28) found
in a general athletic population that pro-
viding participants with augmented
feedback along with an external focus
of attention during a CMJ, participants
jumped significantly higher compared
with other conditions (control, mone-
tary reward, other combinations such
as augmented feedback, and monetary
reward). Augmented feedback is defined
as feedback from an external source and
can be provided as knowledge of perfor-
mance or knowledge of result (28). Fur-
thermore, participants had significantly
lower rectus femoris muscle activity
compared with the control condition.
This finding is consistent with previous
research, which showed that muscular
activity was reduced and performance
was increased when participants were
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given an external focus of attention (34).
In addition, ground reaction forces
(GRFs) and joint angles were compara-
ble across all conditions. The authors
concluded that augmented feedback
improved intrinsic motivation, and the
external focus of attention improved
movement efficiency.
SPEED-STRENGTH
HORIZONTAL JUMPS
The standing long jump test is a widely
used test in various sports (e.g., track
and field, soccer, and NFL combine)
and is used to assess the speed-
strength aspect of the force-velocity
curve. Adopting an external focus of
attention has been shown to enhance
standing long jump performance
(19,21,31). Porter et al. (19) established
that during the standing long jump, par-
ticipants performed best when skilled
jumpers focused on an external cue
(e.g., jumping toward a target). Using
a counterbalanced within-participant
design, recreationally trained male par-
ticipants performed 2 standing long
jumps following 3 different sets of verbal
instructions (total of 6 jumps; each sep-
arated by 1 minute of seated rest). One
set of instructions was designed to focus
attention externally near the body,
whereas another set of instructions
directed attention externally to a target
(cone) farther from the body. The cone
was placed directly in front of the par-
ticipant at a distance of 3 m. The final
set of instructions served as a control
condition and did not encourage a spe-
cific focus of attention. Results showed
that the 2 external conditions produced
jumping distances that were significantly
greater than the control condition. In
addition, the jump distances measured
for the external near and external far
conditions were significantly different.
The results from this study indicate that
increasing the distance of an external
focus of attention relative to the athlete’s
body will improve standing long jump
performance.
Within a general student population,
Porter et al. (21) found that partici-
pants jumped significantly further
when given an external focus of atten-
tion compared with an internal focus
of attention. Results showed that there
was a significant difference in the
mean distance jumped between the
external and internal group. These
results suggest that providing instruc-
tions that focus attention externally en-
hances standing long jump performance
when compared with instructions that
focus attention internally. The authors
suggested that differences in jump per-
formance were possible because the
external focus of attention enabled par-
ticipants to produce greater forces com-
pared with the internal focus condition.
However, as previously discussed, the
athletes in this instance would have
developed greater impulse not just force
to jump further.
Wu et al. (31) performed a study to
assess peak force and horizontal jump
performance between an internal and
external focus of attention. Untrained
recreationally active participants were
assigned to both experimental condi-
tions where they were provided with
either an external or internal focus of
attention. Participants completed
a total of 5 standing long jumps with
2-minute seated rest between jumps.
Jump distance and peak forces for both
feet were measured throughout each
jump. The first jump was a baseline
jump where the only instruction given
was “jump as far as you can.” For the
Figure 2. Schematic of the force time curve produced for the jump phase of a CMJ outlining the positive and negative impulses.
CMJ 5 counter-movement jump.
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following, 4 jumps participants were
given instructions that provoked either
an internal or external focus of atten-
tion similar to those given by Porter
et al. (21). In addition, during the exter-
nally focused verbal instructions, an
external target (cone) was placed 4.6
cm from the start line. Results showed
that during the external focus condi-
tion, participants jumped significantly
further than the internal and baseline
condition. No significant differences in
mean peak force were found between
the 3 conditions, internal focus, exter-
nal focus, and baseline. The increase in
jump performance during the external
focus of attention was not due to an
increase in force production compared
with the internal condition. This find-
ing conflicts with the assumptions
made by Porter et al. (21) that an exter-
nal focus of attention enabled partici-
pants to produce greater forces
compared with the internal focus con-
dition. Directing attention externally
allows the motor control system to
arrange movements, resulting in the
movements being subconscious, reflex-
ive, and quick (35).
More recently, an external focus of
attention has been shown to produce
a projection angle that is closer to opti-
mal (6). Researchers have shown that
participants exhibit a mean projection
angle of 468 when given an external
focus condition compared with an
internal (508) and a baseline (498) con-
ditions during a standing long jump (6).
Therefore, the difference in jump dis-
tance among conditions could be ex-
plained by the external condition
producing a projection angle, which
is closer to optimal, which partially
supports the “constrained action
hypothesis.” This hypothesis suggests
that when athletes use an internal focus
of attention, they may restrict or inter-
fere with automatic control processes,
whereas an external focus of attention
permits the motor system to self-
organize more naturally. Consequently,
strength and conditioning coaches
should consistently instruct their ath-
letes to use an external focus when
performing the standing long jump.
REACTIVE STRENGTH
DROP JUMP
The DJ involves jumping vertically
immediately after landing from a pre-
determined height; a 30-cm height is
commonly used. The DJ test usually
examines the fast SSC (37). This is
the section of the force-velocity curve
where movements are high in velocity
and the resistance is low. DJs are com-
monly performed onto a jump mat or
force platform to determine contact
and flight times as well as vertical jump
height (8). In addition, the flight time
and contact times obtained during a DJ
can be used to estimate the reactive
strength index (RSI). This is defined
as height jumped (m) divided by con-
tact time (s) (7). The RSI is proposed as
an index of an athlete’s fast stretch-
shortening cycle ability as well as an
identifier of optimal drop heights for
the performance of DJ training (7).
The use of a standardized command
such as “jump as high and as fast as
possible” is most commonly used to
ensure reliable jump performance (37).
Makaruk et al. (14) examined the effect
of external, internal, and neutral focus
of attention on a 9-week plyometric
training program, where participants
completed a series of jumps including
DJs from a 30-cm box. Participants
were randomly assigned to an external
focus of attention, internal focus of
attention, or a control group. Instruc-
tion given throughout the program in
the DJ for the externally focused group
was “touch the hanging ball,” the inter-
nally focused instruction was “reach
your fingers as high as you can” and
the control instruction was “jump as
high as you can.” Results showed
that the control group significantly
increased jump height compared with
the internally focused group, but there
were no differences between the exter-
nal and control group and the external
and internally focused groups. How-
ever, the only instructions given here
were jump height related and not on
ground contact time. For example, an
instruction of “imagine the ground as
a hot surface” is an externally focused
instruction, which may help an athlete
reduce their ground contact time and
thus improve their RSI.
In contrast, Ford et al. (9) found that an
external focus of attention concentrat-
ing on an overhead target produced
a significantly greater jump height and
maximum take-off external knee flexion
moment compared with a control
group that did not have an overhead
target when testing performance in
the DJ. It must be noted that in the
Makaruk et al. (14) study, all 3 groups
(internal, external and control)
improved their DJ height and all in-
creases were achieved through different
movement strategies. The externally
focused group increased mean contact
time and knee flexion and produced
greater force. However, a longer contact
time may decrease the efficiency of the
SSC, losing stored elastic energy (1). For
the DJ test to be used as a measure of an
athlete’s reactive strength, the SSCmust
remain fast and ground contact time
needs to be minimized. This study did
not give an instruction, which focused
on minimizing ground contact time. In
comparison, the internal and control
focus groups decreased contact time.
The control group significantly reduced
the range of knee flexion, and this
change was significantly different than
the externally focused group. The effec-
tiveness of the fast SSC could be
improved by increasing leg stiffness,
which is achieved by decreasing range
of knee flexion, therefore improving
jumping ability (30). Thus, the control
group produced a more effective SSC.
The authors concluded that more
research is needed to fully understand
how focus of attention and the SSC
interact with each other during the
DJ. Further research should examine
using external instructions that relate
to effective fast SSC performance, that
is short ground contact time and max-
imum jump height.
The effect of instructions related to both
contact time and height on fast SSC is
evident in research by Young et al. (37).
These researchers examined the effect of
instructions related to jumping for max-
imum height and minimum contact
time on DJ performance. They reported
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that an instruction to jump for both
maximum height and minimum ground
contact time compared with an instruc-
tion of jumping for height resulted in the
jump height being reduced by 17.7% and
the RSI being increased by 89%. Both
sets of instructions (“jump for height”
and “jump for height and minimum
ground contact time”) were a neutral
focus with neither being internally or
externally focused. However, the results
indicate that a reference to both height
and contact time in an instruction can
result in the fast SSC being performed
in a manner that increases reactive
strength. Research seems to indicate
that an external or neutral instruction
of “jump as high and as fast as possible”
should be used for DJ testing. However,
research is still needed to identify the
most appropriate instruction to optimize
DJ performance as past research has
generally not examined the effect of
external, internal, and neutral instruc-
tions that relate to both maximizing
height and minimizing contact time.
SPEED
ACCELERATION
Linear sprinting is one of the most
important motor skills in sport. Being
able to sprint faster and more effi-
ciently gives an athlete a substantial
competitive edge (24). To date, only
a few studies have explored the effect
of verbal communication on sprinting
speed (12,17,22,23). Of interest, the skill
level of the athlete may be a factor
determining how the athlete responds
to the instructions given. In support of
this, Ille et al. (12) found that novice
and expert athletes both performed
faster 10-m sprints when given an
external focus of attention compared
with an internal or control condition.
Similarly, Porter et al. (23) established
that low-skilled sprinters completed
a 20-m sprint significantly faster when
they were instructed to focus externally
compared with an internally focused or
control condition. However, Porter
and Sims (22) found that high-skilled
athletes performed better when given
a control instruction compared with an
internal or external focus of attention
instruction. From the current available
literature, no evidence exists showing
an internal focus results in superior
sprint performance compared with an
external or neutral focus (12,22,23).
Therefore, both novice and expert per-
formers seem to benefit equally from
an external focus of attention com-
pared with an internal focus of atten-
tion. However, experts with high
motor skill abilities may not require
any obvious instruction; a neutral
instruction will suffice.
MAXIMUM VELOCITY
Despite the dearth of scientific evi-
dence on the effects of various atten-
tional foci strategies on biomechanical
sprint variables, Benz et al. (3) carried
out a review on the available literature
and made several suggestions based on
motor behavior and biomechanics lit-
erature. Skilled sprinters attain higher
maximal velocities compared with
nonsprinters (10.4 6 0.3 versus 8.7 6
0.3 m/s) by applying larger vertical
GRFs during the first half of the stance
phase (4). Also, during the stance
phase of sprinting, sprint velocity can
be increased by applying large GRFs
over a minimal amount of time (0.083–
0.101 seconds) (15). Based on mechan-
ical determinants of maximum velocity
sprinting, Benz et al. (3) suggested that
coaches could use external focus of
attention cues to enhance sprint perfor-
mance by getting an athlete to “step
down hard” or “accelerate into the
ground with maximum effort,” poten-
tially enhancing the athletes relative
GRF and consequently their sprint
velocity.
AGILITY
Agility is defined as the ability to
change the direction of the body rap-
idly using a combination of speed, bal-
ance, strength, and coordination (25),
and is a common element of speed in
many field and court sports. Porter
et al. (20) examined whether focusing
attention externally produced faster
agility task times when compared with
instructions that focused attention
internally or a neutral set of instruc-
tions. Participants completed 15 trials
of an agility “L” run following instruc-
tions designed to encourage an exter-
nal or internal focus of attention or
a neutral set of instructions (20). Par-
ticipants completed one experimental
condition per day over 3 nonconsecu-
tive days. Results showed that the
external condition was significantly
faster than both the internal and neu-
tral conditions (20). Agility tests are
commonly used by coaches to evaluate
performance and measure skill devel-
opment. Verbal instructions that induce
an external focus of attention should be
used to improve performance in such
movement-related tasks.
PRACTICAL APPLICATIONS
This review of the scientific literature
has demonstrated the potential advan-
tages of using focus of attention to
improve performance during force-
velocity diagnostic tests. Specifically,
the tests used to assess the force-
velocity curve include maximum force
production measured through an iso-
metric midthigh pull, dynamic
strength through horizontal jumps
and vertical jumps, reactive strength
with DJs and speed elements of accel-
eration, maximum velocity, and agility.
Studies have shown that an external
focus of attention improves perfor-
mance in the standing long jump, ver-
tical jump, isometric midthigh pull,
acceleration, maximum velocity, and
agility. However, in sprinting, nonelite
sprinters should be given an external
instruction whereas a neutral or exter-
nal cue has been shown to improve
performance in elite level athletes
(22,23). More research is needed for
vertical jumps such as the weighted
jump squat and DJ. Studies have shown
that athletes alter their jump technique
when given a different focus of atten-
tion and this may alter the effectiveness
of the SSC. It is important that the
external instructions selected for such
jumps pertain to the technique require-
ments of the jump. For example, for
effective fast SSC performance, such
as the DJ, the athlete is aiming
to minimize ground contact time and
maximize jump height. External verbal
instructions in this case should focus
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Table 2
Verbal instructions for enhancing performance during diagnostic tests of various aspects of the force-velocity curve
Section of force-velocity curve Test Focus of attention Example instruction/cue
Maximum strength Isometric
midthigh
pull
External “Focus on pushing the ground as hard and as fast as
you possibly can”
Speed-strength Standing
long jump
External “When you are attempting to jump as far as possible, I
want you to focus your attention on jumping as far
past the start line as possible”
“Explode as far as you can away from the start line”
Use of an external target (e.g. cone)
Speed-strength Vertical
jump
External “Focus on the rungs, reaching as far as possible” when
using an external target on a Vertec.
“When you jump, focus on jumping up and reaching
the ceiling” when using an external target
“Explode off the ground and try and reach the ceiling”
Reactive strength Drop jump External or neutral “Jump as high as you can”
“Imagine the ground as a hot surface”
“Touch the hanging ball” when using an external target
Note: more research is needed in this area
Speed Acceleration Novice—external,
elite—external or
neutral
External: Neutral:
“Push the ground away” “Sprint with
maximum
effort”
“Drive away from the start” “Run as fast as
you can”
“Explode off the ground“ “Run as quickly as
possible“
“Powerfully drive forward while
clawing the ground back”
“Sprint as if you’re
being chased”
“Drive out like you’re sprinting up
a hill and come up gradually”
“Just sprint”
“Push into the ground”
Speed Maximum
velocity
Novice—external, elite—
external or neutral
External: Neutral:
“Run tall” “Sprint as fast as
you can”
“Step over” “Relax”
“Step down” “Sprint past the
finishing line”
“Hit the ground hard” “Just run as fast
as you can”
(continued)
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on both aspects to optimize fast SSC
performance. Finding the appropriate
instructions for the strategy of the task
is important. Evidence-based verbal in-
structions that can be quickly adopted
and immediately implemented into
testing sessions have been provided
in this review.
A summary of verbal instructions for
enhancing performance during force-
velocity diagnostic tests is detailed in
T2 Table 2. When communicating with
athletes, coaches should always be
aware of the words they are using
and should avoid verbal instructions
that refer to the movement of the
body or specific body parts. The cur-
rent body of evidence suggests that
these internally focused instructions
will most likely result in a decrease
in performance in most of the tests.
Coaches should provide augmented
feedback along with the external
focus of attention as this has been
shown to produce superior results
compared with an external focus of
attention on its own (28). In the
weighted jump squat and DJ, more
research is needed to determine the
instructions that should be given to
athletes to enhance their performance
during testing as the literature is lack-
ing and contradictory in some instan-
ces. In addition, coaches should
consider using analogies and meta-
phors to provoke an external focus
of attention. These can be an effective
way to encourage the athlete to think
about the desired outcome rather
than thinking about moving their
body parts. For example, during
sprinting, telling the athlete to imag-
ine the ground is a “hot surface” will
result in the athlete minimizing their
ground contact time. This type of
instruction will limit the amount of
instruction needed and reduce the
likelihood of the athlete becoming
overwhelmed with the amount of
information given, which could
decrease performance by cognitive
overload. Although it may be a chal-
lenge for coaches to change the way
they have always instructed their ath-
letes, they should try to be inventive
and imaginative to get the most out of
their athletes during force-velocity
diagnostic testing as well as regular
training.
From a practical perspective, coaches
should standardize the verbal instruc-
tions that they give to athletes when
they are conducting force-velocity
diagnostic testing sessions. Such stan-
dardized instructions are provided in
Table 2. The external, neutral, or inter-
nal instructions that are used to maxi-
mize performance in a testing session
should be repeated for subsequent test-
ing sessions. Such an approach will
ensure that results from one testing ses-
sion can be compared with previous or
subsequent testing sessions to assess if
any worthwhile change has occurred.
It is advisable that coaches document
the exact instructions that they will use
in each testing session to ensure a stan-
dardized and comparable testing envi-
ronment is created.
SUMMARY
The use of tests to assess an athlete’s
force-velocity capabilities is central to
effective program planning. To ensure
that a program is specific to an ath-
lete’s needs, the coach should have an
accurate overview of an athlete’s cur-
rent strength, power, and/or speed
levels. Verbal instructions play a role
in ensuring that the athlete performs
to the highest level possible in these
diagnostic tests that target various
elements of the force-velocity curve.
In general, research indicates that ver-
bal instructions that focus an athlete’s
attentional externally as opposed to
internally are more effective in
enhancing performance during the
performance of force-velocity diag-
nostic testing. The coach should con-
sider what they say during any testing
sessions and refer to instructions such
as the ones provided in Table 2. For
each testing session, the coach should
standardize their instructions to
ensure a maximal performance by
the athlete that can be compared with
previous testing results AU6.
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Table 2
(continued)
“Accelerate into the ground”
“Explode through the ground”
Speed Agility External “Run through the course as quickly as you can with
maximum effort. For each running component, I
want you to focus on driving away from the start. For
the turning component, focus on pushing off the
ground as forcefully as possible.”
“Push the ground away when you change direction”
“Drive out hard and push when you turn”
“Explode away when you change direction”
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